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For several years, a series of investigations has
been carried on at the University of Illinois for the purpose
of studying the reactions between silica and lime at high
steam pressures, or in other words, the formation of artificial
silicates in the presence of highly compressed steam. These
investigations1 * 2 » 3 . 4 were mainly studies of the technical
side of the preparation of sand-lime "brick, for the purpose
of finding an application for the large deposits of comparatively
pure silica found in Southern Illinois.
In 1909, A. W; Beemer 5 took up the study from a
more theoretical standpoint. The main object of his
investigation was to study the side-reactions due to the presence
of substances other than silica and lime, such as clay and
feldspar, which were the chief impurities in the Southern
Illinois silica. Among the mixtures studied by Beemer was
that of lime and feldspar. He found that "when a mixture of
Ga(0H)2 and feldspar is acted upon by steam, a combination is
effected. The extent of combination of the different components
varies according to the proportions of the constituents used' 1 .
In this reaction some of the calcium must have re-
placed some of the potassium in the feldspar, causing a partial
decomposition of the latter. By a few qualitative tests Beemer
showed that some soluble potassium salts had been formed, but
he dropped the subject at this point.
In the following year, Frank L. Roman6 took up the

matter and proceeded to study the conditions favorable to the
maximum decomposition of feldspar "by lime under steam pressure.
He arrived at the following conclusions:
"(l) When feldspar is heated in the presence of lime
under high steam pressure, a decomposition of the feldspar
takes place and some of the potash in the feldspar "becomes
water soluble.
(2) Under uniform conditions, the decomposition of
feldspar seems to "be greatest when the amount of lime is equal
to that of the feldspar.
(3) The action of the lime on feldspar increases
to a certain extent with the steam pressure and the length of
treating. Very little action takes place at ordinary temperature,
"but an appreciable reaction takes place even on simply drying
the mixture at 100°.
(4) The addition of electrolytes such as IIH-iCl,
GaCls, to the 50$ mixture does not increase the amount of
caustic potash rendered water soluble. Acid extraction with
H1T03 gives higher results for potash when 1TH4CI and GaCle were
not originally present.
(5) The amount of potassium rendered water soluble
by the action of lime on feldspar can be increased by heating
the feldspar before treatment. The best temperatures at which
the feldspar should be heated are 650° to 1200°C. when the
feldspar is left to cool slowly. If the feldspar is to be
quenched, it is best to heat it to 580°C. without exceeding
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this value.
(6) Wet grinding of the feldspar "before treatment
seems to "be also "beneficial, although to only a small extent.
Wet grinding of the 50$ mixture after treatment under steam
pressure seems to have the opposite effect, although this fact
is not well understood.
(7) The use of a thin slurry mixture instead of
"briquettes does not appreciably increase the amount of potash
made available".
Roman, however, was only one of many who have "been
trying to find a method of extracting potash from feldspar
on a commercial scale. Many methods have "been suggested and
about thirty of them patented. Claims of high extractions
have "been made, v/hich in many cases have not "been substantiated
by later investigators. There is a great deal of literature
on the subject, but it is not very well organized, and there
is much uncertainty with regard to the true condition of
affairs. I have, therefore, undertaken:
(1) To make a brief but thorough review of the
current literature dealing with the "potash situation*.
(2) To try out on a small scale on a comparative
basis in the laboratory, the most promising of the patented
methods for decomposing feldspar.
(Z) To apply these methods, under similar conditions,
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to leucit e-"bearing rocks, in order to make a comparison of the
relative stability of feldspar and leuc it e.
THE POTASH SITUATION.
Potassium is an element which is of very great
importance to the v/elfare of man. Potash salts are used very
extensively and are essential to many important industries.
Of these, the fertilizer industry is "by far the most important.
Vast quantities of potassium salts are added to the soil each
year. This single use of potash cannot "be overestimated and
it is constantly assuming greater proportions. Aside from
the fertilizer industry, large quantities of potassium salts
are used annually in the manufacture of glass, certain kinds
of soap, dyestuffs, "bleaching powders, alum, cyanides, and
other chemicals used for general laboratory purposes. The
manufacture of certain kinds of explosive powders requires
potassium salts. These and a great many other industries have
created a very great demand for potassium salts both in the
crude and pure states.
The German Empire has a natural monopoly of potash
salts, and practically all of the world's known potash resources
are within its territory and under its control. A very high
percentage of the potash consumed in the United States is
imported from Germany, and it is devoted almost exclusively to
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the fertilization of farm land, either directly or else
indirectly as one of the most essential constituents of
manufactured fertilizers. According to Consul General
A. M. Thackera, 7 of Berlin, the American consumption of German
potash in its various forms embraces about 18% of the entire
production and about half of the exported material. The
magnitude of the situation is apparent when we consider the
problem from a purely financial standpoint. The Bulletin^
of the United States Geological Survey for 1911, on "Potash
Salts, their Uses and Occurrence in the United States" by
G. Phalen, gives an idea of the value of the potash salts
imported. It shows an increase from #3,700,000 in 1900 to
$5,500,000 in 1905, and ^8,400,000 in 1910. In the expenditure
of this amount of money, American importers have nothing to
say, but have to accept the prices arbitrarilly set by the
German monopoly. Difficulties have repeatedly arisen, between
American and German interests, but have invariably been
settled to the satisfaction of the syndicate. The German
potash industry has been developed on the assumption of an
eternal, German monopoly and, as it has been estimated8 . 9 that
the Stassfurt deposits, even at the present increasing rate of
consumption, will last for over 600,000 years, there seems to
be no hope for relief in the future.
The repeated agitation over the potash situation
and the desire of Americans to become independent of the

-6-
potash syndicate have aroused a very active interest in the
matter and the hope of developing an American source of supply.
Consequently the problem has been investigated from every
standpoint by private and public interests. In 1911, Congress
passed acts10 authorizing the investigation of possible sources
of potash salts in the United States. Two Federal Bureaus
are now actively in search of potash deposits: The Bureau of
Soils of the Department of Agriculture and the Geological
Survey of the Department of the Interior. These two bureaus
are working in cooperation with each other -so as to avoid
the repetition of work and prevent the v/aste of time and
capital.
The Geological Survey recently issued a bulletin11
in which the principal occurrences of potash were summarized.
A brief discussion of these sources may give some idea of the
possibilities they offer and their relative values. The
possible sources of potash salts in the United States are as
follows
:
(1) Saline residues.
(2) Hatural and artificial bitterns.
(3) Alxtnite.
(4) Greensand marls.
(5) Organic sources.
(6) Igneous rocks.
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1. SALUTES.
Many locations in the Bocky Mountain regions are
of such a geologic nature that they suggest the possibility of
deposits of the Stassfurt type. Underground waters of the
Laramie Basin in Southern V/yoming have "been investigated and
found12 to he more deficient in potash than the ordinary surface
waters. In the Great Basin, localities near Lakes Lahontan
and Bonneville offer excellent possibilities. The Lahontan
Basin has been selected as the most favorable scene of opera-
tions and a well is being drilled at Timber Lake near Fallon,
Ilevada. The well is at present over three hundred feet deep
and the work is being pushed forward vigorously. As yet no
appreciable potash salts13 have been encountered, although
artesian flows containing small amounts of potash are quite
common.
2. BITTERITS.
In connection with the potash investigations
carried on by the Geological Survey in 1911, a systematic and
fairly complete study14 of the brines, bitterns, and rock-salt
deposits has been made, The study was confined to the localities
that were considered most promising as sources of potash. When
the analyses of the samples submitted have been completed, it
is hoped that they will serve as positive data on the occurrence
of potash salts in states east of the Rocky Mountains.
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3. ALU1TITE.
A deposit of alunite has recently been discovered
near Maryevale, in Piute County, Utah. It is now "being
developed-1-^ and may produce potassium sulphate on a commercial
scale. The mineral alunite is a hydrous sulphate of potassium
and aluminum with the formula ZzO* 3Ale0s» 4S0s« 6H2O.
Theoretically, it has the following composition:
KzO 11.4$
AI2O3 37.0
SOs 38.0
HsO 13.6
The mineral found at Ivlarysvale is in a high degree of purity
and its composition corresponds very closely with the
theoretical
.
This deposit is not large enough to afford a source
of all the potash salts now consumed in the United States, hut
it may "become an important factor in providing an American
supply for the Western market.
W. T. Schaller of the Geological Survey found that
on simple ignition all of the water and three-fourths of the
sulphuric acid is driven off, leaving potassium sulphate and
insoluble alumina. Thus 92$ of the total potash present was
obtained by simple ignition and subsequent leaching with water.
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4. GREEIISAITD MARLS.
About thirty years ago, the greensand marls
of Southern Hew Jersey were in great demand and large quantities
of it were used as a natural fertilizer. In recent years,
however, marl has "been almost entirely supplanted by the more
highly concentrated artificial fertilizers. The chief
constituent of these marls is the mineral glauconite, a hydrous
silicate of iron and potassium. Mixed with it are varying
proportions of CO3, SO*, quartz, sand sulphide and phosphate
of iron, shells, etc. The marls are therefore of value for
their phosphate content as well as their potash.
A patent taken out by E. G. Eckel on December 12,
1911, Ho. 1011172, describes a method-*-^ for extracting potash
from marl. The latter is heated in a suitable kiln to a
temperature of about 900°C. The potash is volatilized and
condensed in a suitable chamber. The addition of gypsum, pyrite
or lime assists the chemical action and the decomposition takes
place at a lower temperature.
5. 03GA1TIC SOURCES.
The organic sources of potash are wood ashes,
beet sugar, molasses, and residues, wool scourings and sea weed.
At one time, the potash or pearlash obtained by
evaporating the Teachings from wood ashes formed the chief
source of supply. At the present time, the practice is still
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carried on in rural districts of Russia, Sweden and America
where wood supplies are very abundant. Conservative measures,
however, are gradually "being adopted and the practice is
rapidly disappearing.
In the manufacture of beet sugar a very impure
molasses remains, which contains a high percentage of soluble
potassium salts. In order to utilize these residues, the
sugar is fermented to alcohol which is distilled off and the
potash is recovered from the residue by evaporation and
calcination.
Wool scour ings (suint) furnish some potash in
countries where much wool is washed, as in Prance, Belgium,
and Germany. The scourings are evaporated chiefly to prevent
nuisances of bad odors and pollution of streams. In the
United States, there is no record of potash recovered from suint.
The large Kelp beds of the Southern California
coast have long been considered as a possible source of potash.
The extraction of potash from Kelp is attended with many
difficulties: the harvesting of the crops, drying the Kelp,
incinerating the dried mass, leaching with water and evaporating
the extract. The method seems prohibitive in cost, but never-
theless, on March 1, 1912, the Coronado Chemical Company began
the operation of a plant some thirty miles from San Diego,
California. The plant is capable of handling three tons of
dried Kelp every twenty-four hours. Additional furnaces are
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being constructed which will increase the capacity to eighteen
tons per day. As yet, no data has been given out, hut the
venture is being watched with interest from all parts of the
world.
6. IG1TE0US ROCKS.
P. XI. Clarke of the United States Geological
Survey-^ has estimated that the proportion of potash (KzO) in
the earth's crust is 3.00 percent, this being the result of
1488 determinations made in the laboratories of the
U. 3. Geological Survey. There are many large deposits of
potash-bearing rocks in different parts of the country which
have long been considered as a possible source of potash.
The feldspars, which theoretically contain 16.8$ of X2O, are
the most important of these rocks. They are widely distributed,
both in the comparatively pure state and as a constituent of
granites. Glauconite, the characteristic mineral of the
greensand marls; leucite, a potassium aluminum silicate found
in lava flows; nepheline; Muscovite, the common potash mica;
and many other less important minerals contain vast stores of
potash which have been up to the present time almost useless
to man. The untold riches locked up in these rocks have
attracted the attention of chemists and inventors for many
years. In attempts to solve the problem a great deal of work
has been done and as a result many methods of ertracting potash
from igneous rocks, have been patented both in the United States
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and in foreign countries.
For convenience and to facilitate comparisons,
these methods may "be divided into several groups;
I. Pine grinding.
II. Acid treatment.
III. Fusion methods in which the feldspar is
intimately mixed with some reagent and fused.
IV. Heat treatment, which is intended to convert
crystalline feldspar into the amorphous state and subsequent
treatment with various reagents.
V. Digestion with some reagent under pressu.re.
VI. Electrolysis.
I. FIITE GRI1TDIITG.
The natural potassium silicates when finely
ground so as to present a large surface to the action of water,
dissolve to a certain extent and are hydrolyzed, yielding
very dilute solutions of potassium. This is the mechanism of
the process "by which plants naturally obtain their needed
potash. The most important work along this line has been done
by Allerton S # Cushman and Prevost Hubbard of the Department
of Agriculture, Office of Public Roads .l
r/
,
18 , 19. They have
found that very fine grinding renders the potash partly
available under the action of water. The addition of certain
salts, as ITIUCl, GaO and CaCl2, increases this effect. Wet
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grinding is more efficient than dry grinding. Even the "best
of these methods, however, docs not give &n extraction of one
percent of the total potash.
II. ACID TREATMENT
.
In 1882, John Spiller20 proposed a method for
making potash alum from feldspar "by treating that mineral and
feldspar with concentrated sulphuric acid. Pemberton, however,
soon showed that it could not he done cheaxDly.
In 1904, V/. T. Gibbs, in U. S. Patent #772,612,
deserihed a method for decomposing feldspar by treating it with
a small percentage of some catalytic agent which co^lld he
continuously regenerated. He obtained good results by using
a solution containing 2-4/o hydrofluoric acid and 50/o sulphuric
acid.
A. o. Cushman investigated the effect of hydro-
fluoric acid directly on feldspar, but did not publish much
data. Ee urged further investigation along this line.
17. H. Eoote and S. H. Scholes2! obtained excellent
results by treating feldspar with sulphuric and hydrofluoric
acid in sealed glass tubes, but the method has little practical
value
.
III. FUSI01T METHODS.
Fusion of the feldspar with some cheap reagent
seems to have been the most popular method of attacl:. Fusion
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with varying amounts of salt and lime have "been tried by
Tilghman22 in 1847, Rhodin25 in 1900, and LcIIee24 in 1908, "but
these methods have not been found satisfactory. In 1864,
G. E, Vanderburgh2 ^ patented a process of fusing feldspar with
10-30/0 sodium carbonate and then digesting v/ith superheated
steam. In 1905, A. J. Swayze26 patented a process which
consisted of heating feldspar, gypsum, and coal in a blast
furnace, whereby the feldspar was decomposed and the potash
volatilized as the sulphate and sulphide. In U. S. Patent
997,671, Edward Hart described a method of obtaining potash
from feldspar by fusing it with barium sulphate and coal and
decomposing the residue with sulphuric acid. Fusion with sodium
acid sulphate and salt was resorted to by Firman Thompson27
in 1911J. and with lime and calcium chloride by A. S. Cushman.^
IV. HEAT TREATMENT.
Feldspar has a definite crystalline structure and
when strongly heated with subsequent rapid cooling, it may be
transformed into the amorphous state. F. H. Carpenter29
claimed that this change in the molecular structure rendered
the potash soluble and available for plant food. A. J. Swayze30
found that after heating feldspar till amorphous and digesting
it vith a strong potassium hydrate solution under steam
pressure, a potassium silicate and aluminate were formed, which
rendered the potash in the feldspar soluble.
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V. DIGESTIOIT UITDER PRESSURE.
By subjecting finely divided feldspar to the action
of carbonic acid under high pressures, Blackmore^l claimed that
he obtained a hydropneumat ic disintegration, which made the
potash soluble.
ELECTROLYSIS.
In U. S. Patent 851,922, A. S # Cushman described
a method of extracting potash from feldspar by the use of an
electric current. The feldspar^ is slimed with water in the
anode chamber of a diaphragm cell and electrolyzed. The
decomposition is due to the hydrolysis of very fine particles.
The purpose of the electric current is merely to transfer the
basic products of the reaction, potash and alumina, to the
cathode chamber. By thus removing the products of the reaction,
the hydrolysis ought to go on quite rapidly. In practice,
however, the action soon slows down and finally stops, because
each particle becomes coated with a colloidal covering, and
consequently the water cannot reach the surface of the unde-
composed mineral. Dr. Cushman has found two methods of
accelerating the action. By a suitable grinding or churning
of the contents of the anode chamber, this colloidal covering
is prevented from forming on the particles of feldspar or else
is scraped off. The addition of a small amount of hydrofluoric
acid also accelerates the hydrolysis. If instead of caustic
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alkali, certain salts are desired, the corresponding acid is fed
into the cathode chamber just fast enough to neutralize the
alkali formed. Evaporation of this cathode liquor will then
give the desired salt.
This then is the present status of the potash-
situation. Henceforth we will consider only that phase of it
which concerns the extraction of potash from igneous rocks,
especially, feldspar. As is apparent, many investigations have
been carried on and considerable literature has been published
in attempts to solve the problem. Some of these publications are
based upon laboratory investigations, while others are
theoretical, untested suggestions.
In order to obtain some definite information and
order from this disorganised wealth of material, we have under-
taken an investigation of those patented methods which are
conveniently adaptable to the small scale operations of the
analytical laboratory.
The object of this investigation is not so much to
criticize the work of others, but to obtain some definite data
to work on in the future and which might suggest possible
development upon some particular phase of the problem.
As is well known, patent literature is very indefinite.
The inventor gives out as little information as possible about
the nature of his invention, but lays claim to everything in any
way related to it. With this in mind, we have endeavored to make
very liberal interpretations of the descriptions given. T.."e
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understand that the thorough investigation of each method, with
the object of finding its maximum efficiency, would be an
arduous task and perhaps require years for its accomplishment.
T
.7e have therefore, with all fairmindedness tried to interpret
the patents as their writers intended them to be interpreted,
and have come to the conclusions presented later in this article.
The experimental work was accordingly started in the
fall of 1911, under the direction of Dr. D. F. LIc?arland, of the
Department of Applied Chemistry.
The feldspar used in the following experiments was
a sample of Brandywine Summit feldspar. It was ground to pass
a 200-mesh sieve and analyzed. The following determinations were
made
:
Loss on ignition 0.50
SiOs 69.56
AlsOs 17.84
~Fez03 0.25
GaO 1.14
HgO
. 41
HasO 1.67
KsO 8.90
The leucite rock was a typical sample from the
Leucite Hills in Y/yoming. It was ground to pass a 200-mesh
sieve and when decomposed by the J. Lawrence Smith method was
found to contain 11.25 percent potash, KzO,
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As many of the methods required the use of certain
definite high temperatures, a Hoskins Pyrometer, which had
recently been accurately calibrated, was used for all of the
high temperature measurements.
Most of the heating was carried out in a small
muffle furnace heated with gas and air. By an application of
the "surface combustion" principle, an excellent arrangement was
made, whereby the furnace could be heated to 1000 - 1200°C. in
less than one-half hour.
The high pressure work was carried on in a copper
autoclave, equipped with a pressure guage, thermometer and
automatic safety valve. About four liters of water were put in
the lower portion of the autoclave, the samples to be treated
set in on racks, and the cover clamped down till air-tight.
Then by applying heat sb the base of the autoclave, the pressure
could be regulated at will.
An application of the cobalti-nitrite method was
used for the potash determinations. The chloroplatin method was
considered out of the question because of the length of time and
the cost of chlorplatinic acid which would be required for several
hundred determinations.
In his work last year, Roman used the cobalti-nitrite
method proposed by Adie and T.7oods3 4 and modified by -Bowser*? 5, 3
6
Drushel^ 7 and Shedd.^*^ 9 This has not yet been perfected as a
quantitative separation, but is a rapid, volumetric method and
has some advantages. Vfhen determinations are made under uniform
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conditions by strictly adhering to a certain, detailed method
of procedure, results may be obtained v/hieh arc comparative.
Roman made a comparison of the two methods and found the cobalti-
nitrite method to be accurate to two or three percent when ti.e
chloroplatinate results were taken as a standard. In general
the cobalt i-nit rite method gives high results, but the reason
for this is not definitely known.
The method of procedure adopted and used in the
following experiments is as follows: 2 grams of feldspar are
subjected to the treatment prescribed in the patent under
investigation and then leached with water or acid, as called for.
The filtrate is made up to 500 c.c. and 25 c.c. of this taken
for the potash determinations. This aliquot is placed in a
porcelain casserole with 15 c.c. of the sodium cobalti-nitrite
reagent, and 1 c.c. of glacial acetic acid. The resulting
mixture is evaporated on a steam bath till it assumes a syrupy
consistency and solidifies on cooling into a gummy, pliant mass.
Great care must be exercised in this evaporation, because if it
is not carried to the proper point, the precipitation will be
incomplete, while, on the other hand, if it is evaporated to
dryness, some of the precipitate will be decomposed. The residue
is then taken up with water and filtered through a Gooch crucible,
using a definite small amount of wash water. The potassium
sodium cobalti-nitrite, K£lTaCo
f
IIOjsU H2O, a finely divided orange
colored precipitate, together with the asbestos mat, is then
washed into a beaker with 50 c.c. of water and 3 to 5 c.c. of
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tulphuric acid. The precipitate is then oxidised With an excess
of standard potassium permanganate. Standard oxalic acid is then
added in excess and the excess is titrated hack to color with
permanganate. ?rom the total permanganate used, that equivalent
to the oxalic acid is subtracted, and the remainder, multiplied
"by the factor for the permanganate, gives the weight of potash.
If ammonium salts are present, the solution must be
evaporated to dryness and ignited till all ammonium salts are
expelled, because ammonium forms an insoluble ammonium sodium
cobalti-nitrite corresponding to the potassium salt. Other
elements present as impurities in the feldspar, such as calcium,
magnesium, iron and sodium, do not interfere with the precipita-
tion of the potassium.
Having decided upon the methods to be used, the
experimental work was taken up. The patents tried out are
divided, for convenience in the comparison of results, into the
following groups, involving:
I. Electrolytic treatment.
II. Acid treatment.
III. Heat treatment.
IV. Fusion.
Group I. Electrolytic treatment. IT. S. Patent
851,922. Allerton S. Cushman. "Method for Extracting Potash
from Feldspathic or other Potash-bearing Hocks".
An electrolytic cell was made of a cylindrical
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platinum anode, a thin wooden cup for the membrane, and a
cylindrical nickel cathode, all placed in a large glass beaker.
The cell was connected in series with an ammeter, a rheostat and
a battery of storage cells. A voltmeter was connected across
the terminals of the cell. 100 grams of feldspar were slimed in
the anode chamber with 100 c.c. of water and 10 c.c. of 35$
hydrofluoric acid. In the cathode chamber were placed 425 c.c.
of distilled water. A current of 0.5 ampere was maintained in
the cell for two ampere-hours. The voltage and temperature
were recorded at regular intervals. Every quarter ampere-hour a
sample of the cathode liquor was drawn off and its potash content
determined. The extracted potash expressed in milligrams was
plotted against the current in ampere-hours and the power
consumed in watts. It was observed that the yield increased
steadily with the power consumption, but not in any exact
proportion.
Sample Ho. Ampere Hours Power Watts Potash extracted
milligrams
2181 .25 15.8 6.3
2182 .50 35.8 16.37
2183 .75 51.8 24.6
2184 1.25 114.5 39.6
2185 1.50 142.3 48.7
2186 1.75 169.3 59.1
2187 2.00 195.5 73.3
Prom the amount of potash found in the cathode liquor,
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it was estimated that 0.60 percent of the feldspar originally
placed in the anode chamber v/as decomposed •
The theory involved in this decomposition has "been
discussed on page 15, so will not he repeated here.
Group II. Acid treatment. U. S. Patent 772, 612.
T
.7. T. Gibbs. "Ilethod of Decomposing Refractory Silicates".
2. grams of feldspar were treated in a large
platinum dish with 50 c.c. of a liquid made up of four percent
hydrofluosilicic acid, fifty percent sulphuric acid and the
"balance of water. The mixture was kept at the "boiling point of
the liquid for two hours, then diluted, filtered and the potash
content of the filtrate determined.
Sample Ho.
^ Potash Extracted
In % of Sample m >b of Total KzO
2161 6.17
2162 6.14 57.15
2167 6.21 57.76
2168 6.19
Under the same treatment, leiicite rock yielded 70 to
73 percent of the total potash.
Sample Ho. Potash Extracted
In % of Sample In % of Total KzO
2261 7.65 67.7
2262 8.23 75.1
2266 7.79 69.5
2267 7.84 69.6
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Gibbs claims to have discovered a "catalytic process"
of heating silicates rich in potash, by which a small proportion
of a catalytic agent is employed, in solution with a reagent
that will combine with the base or bases of the silicates and
leave the catalytic agent free for further action; so that the
decomposition of the silicate continues by self generation or
automatic reformation of the catalytic agent as long as any of
the silicate remains undecomposed.
Group III. Heat treatment. U. S. Patent 262,676.
A. J. Swayze. "Extraction of Potash Compounds from Feldspar".
2 grams of feldspar were heated in a platinum
crucible in the muffle-furnace for one hour at 880 - 920 e C.
The resulting clinker was pulverized and digested, for three
and one-half hours at pressures ranging from 17 to 25 atmospheres
in the autoclave with 30 c.c. of a potassium hydroxide solution
of about 1.25 sp. gr. The resulting liquid was diluted,
filtered and its potash content determined.
Potash Extracted
Sample ITo. In c/o of Sample In c/o of Total K2O
Average of six
determinations 3.78 35.16
Sv/ayze suggests the following explanation for the
decomposition of the silicate: When strongly heated, feldspar
loses its crystalline structure and becomes amorphous, in which
state it is capable of being decomposed by a solution of a
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potassium salt at a high temperature or pressure. Potassium
silicate and aluninate are formed, and from the mixture potash
salts, silica, and alumina, may he readily he obtained.
Group IV. Fusion. In the fusion experiments a very
wide range of results was obtained. U. S. Patent 869,011.
Ralph E. McXee. "Process of Producing Potassium Compounds".
2. grams of feldspar (5 parts), 0.4 gm. CaC03
(1 part), and 0.4 gm. ITaCl fl part) were intimately mixed in a
platinum crucible and heated for two hours in the muffle
furnace at 980° to 1020°C. A hard, difficultly disintegrated
mass was obtained. This was pulverized and leached with water,
and the potash content of the extract determined.
Sample ilo. Potash Extracted.
In yb of Sample In $ of Total KsO
2131 1.45 13.45
2132 1.35 12.56
MoEee claims that when potash bearing rocks are
heated in contact with lime and common salt the calcium and
sodium unite with a part of the silica, and potash is left in
the mass as a potassium salt which is easily soluble in water,
U. S. Patent 43,534. G. E. Vanderburgh.
"Improvements in Treating Feldspar to Obtain Useful Products".
2.0 grams of feldspar and 0.6 gm. (30%) of sodium
carbonate were intimately mixed and fused for thirty minutes at

1000°C. A transparent, glassy fusion was obtained. This was
pulverized and digested in the autoclave for one hour at 21 - 25
atmospheres pressure. The residue was leached with water and
the filtrate analyzed for potash.
Sample Ho. Potash Extracted
In % of the Sample In '/a of Total KgO
2101 2.47 22.80
2102 2.51 23.50
2106 2.44 22.75
2107 2.38 22.15
2108 2.66 24.75
With leucite rock, this process gave the following
results:
Sample Ho. Potash Extracted
In % of Sair.pl e In % of Total KzO
2201 3.81 33.9
2202 3.86 34.3
2206 3.98 39.8
2208 4.04 40.45
U. S. Patent 997,671. Edward Hart. "Process of
Extracting Potash Salts and Other Products from Silicious Hocks".
2. gm. feldspar, 1.7 gm. barium sulphate and 0.2 gm.
anthracite coal were mixed and fused for one hour at 1I00°0.
A brown glassy fusion was obtained. This was pulverized,
digested with sulphuric acid, filtered and leached with water.

The potash content of the resulting solution was
then determined.
Sample ITo. Potash Extracted
In c/o of Sample In c/o of Total K2O
2141 3.47 52.45
2142 3.44
2146 2.96 27.66
2147 2.99
Hart proposes the following theory for the
decomposition of the feldspar. When molecular proportions of
feldspar, barium sulphate and carbon are mixed and heated to
fusion, the carbon first reduces the barium sulphate to barium
sulphide. The latter then combines with the feldspar to form
a potassium aluminum barium silicate. Most of the sulphur is
expelled, as only a small part of the barium sulphide is left
undecomposed. When this glassy silicate is pulverized and
treated with an excess of sulphuric acid, the silicate is
decomposed, silica and barium sulphate settling as a precipitat
while aluminum and potassium sulphates remain in the sup ematan
solution. This precipitate may be dried and used as a pigment
and the solution, on evaporation, yields a fairly pure alum.
U. S. Patent 641,406. John G. A. -Rhodin. "Process
of Obtaining Soluble Potassium Salts from Feldspar."
2.0 grams feldspar, 0.4 gm. ITaCl and 3.6 gm. CaOOs
were intimately mixed and heated in the muffle furnace for one
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hour at 1000 - 1050*0, A soft, easily powdered clinker was
obtained. This was treated v/ith hydrochloric acid, whereupon a
heavy gelatinous precipitate of silica settled out. This was
filtered and leached with water. The following extraction was
obtained.
Sample Ho. Potash Extracted
In c;o of Sample In % of Total K 2
2112 5.61 52,2
2115 5.53 51.5
2116 6.81 62.7
2117 6.62 61.0
When applied to leucite rock, this method rendered
37 - 38/3 of the potash water soluble.
Sample Ho.
_
Potash Extracted.
In io of Sample In fa of Total XgO
2211 4.20 37.3
2212 4.33 38.4
2213 4.24 37.7
2217 4.28 38.0
Rhodin thinks that the lime attacks the feldspar
and forris an easily decomposable silicate of a zeolite nature,
the salt acting merely as a semi-volatilizing flux to prevent
fusion and to reduce the temperature at which the reaction
takes place.

U. S. Patent 995,105. Firman Thompson. "Process
of Obtaining Potash Salts from Feldspar".
2. gin. feldspar, 2 gm. acid sodium sulphate and 0.7
gm. common salt were mixed and heated for two hours at 1000 - 1100
C. A sintered mass was obtained, which was pulverized and
leached with water. By this means the following extraction was
obtained
.
Sample llo. Potash Extraction
In % of Sample In % of Total KzO
2151 6.21 57.7
2152 6.45 60.0
2153 6.26 58.2
2156 6.08 56.6
2157 6.11 56.8
With leucite rock the following results were
obtained
:
Sample ITo. Potash Extracted
In c!o of Sample In % of Total K 2
2251 5.91 52.7
2252 5.99 53.2
The reactions believed to take place in this
decomposition are as follows:
a. The acid sodium sulphate reacts with the sodium
chloride to produce hydrochloric acid gas and normal sodium
sulphate.
b. The hydrochloric acid gas at the high temperature
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eraployed reacts on the feldspar, producing potassium chloride.
c. The potassium chloride in turn is acted upon by
more of the acid sodium sulphate, producing hydrochloric acid
gas and potassium sulphate.
U. S. Patent 987,436. A. 3. Cushman. "Method of
Treating Rocks Containing Potassium".
2.0 gm. feldspar and 0.5 gm. quicklime were mixed
in a platinum dish and a concentrated calcium chloride solution
added drop "by drop so as to form a granular mass. This was
heated in lump form for thirty minutes at 1000° - 1100°G. The
residue was pulverized, leached with water and the potassium
content of the resulting solution determined.
Sample Ho. Potash Extracted.
In jo of Sample. In c/o of Total KsO.
2171 8.57 79.5
2172 8.61 80.1
2175 8.44 78.5
2176 8.31 77.3
The theory suggested "by Cushman is that the calcium
chloride reacts with the lime to form an oxychlorid cement, by
which that portion of the powder with which the calcium chloride
solution comes into contact, is collected into small rounded
masses or aggregates which harden quickly. These aggregates
are then heated to the temperature at which the reaction between
the feldspar and the cement takes place. The main products of
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this reaction are potassium, chloride and a calcium silicate.
The results of these investigations may he compare
more readily in tabular form.
Patent No. Description of Method Percent XzO Extraction
Feldspar Leuc ite
851,922 Electrolysis in
diaphragm cell 0.68
772,612 Digestion with
HsSO* and KzSiFt 57.50 70.-73
862,676 Eeat till amorphous
then digest with KOH* 35.0
869,011 Heat 5 parts feldspar,
1 part salt and
1 part GaCOs 13.5
43,534 Fuse with 50$ IlasCOs
and digest in auto-
clave 22 - 25 30.-40
997.671 Fuse with BaS04 and
G. treat with HeSO* 28 - 32
641,406 Heat 1 part feldspar,
1 part lime and .2
part salt 52 - 61 37.-38
995,105 Heat feldspar with
ITaHSO* and HaCl 56 - 60 52.-53
987,436 Heat feldspar with
lime and CaCls 77-80
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GOITGLUSIOIIS.
On the basis of the results obtained the following
conclusions maybe drawn. Further experimentation might, indeed,
very essentially modify these conclusions, but they are given
as having value to the extent that the work justifies:
1. Electrolytic methods for extracting potash from
feldspar seem to be prohibitive in cost, because of the high
power consumption per unit of potash extracted. At best, under
the conditions employed, electrolysis gives a very dilute
solution which must be purified and evaporated.
2. Treatment with acids gives a fairly complete
extraction but requires the installation of expensive, acid
resisting apparatus, and maintains high operative expenses.
3. Work involving high pressure digestion is expensive,
difficult to carry on on a large scale, and does not give
extractions sufficient to recommend the practice.
4. Barium sulphate is relatively expensive, and unless
a better extraction with it could be obtained, it could not
be used profitably.
5. Treatment with lime and salt involves cheap materials,
but does not effect sufficient decomposition to make it
practicable
.
6. Treatment with acid sodium sulphate and salt, offers
a possible solution to the problem as it involves cheap reagents
and gives uniform, fairly good, decompositions.
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7. The decomposition of feldspar by treatment with
lime and calcium chloride is almost quantitative. This process
would make a market for calcium chloride, large quantities
of which are now wasted as a "by-product in the Solvay soda
manufacture
.
8. It seems that no method of extracting potash from
igneous rocks has any commercial possibilities if dependent
only on the sale of the potash detracted. By-products must
he obtained which will have a market sufficient to pay at
least for the cost of the raw materials.
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